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Description 

FteMoftta invention 

5 This invention describes preparation of improved membranes for fluid separations from blends of polyimide poly- 
mers. It was found that membranes fabricated from these blends are particularly useful for gas separations and exhib- 
ited unexpectedly good gas separation properties. 

Background pf the Invention 

10 

Preparation of polymeric membranes for fluid and gas separation applications are well documented in the art in 
order for a polymer to qualify as a suitable membrane forming and fluid separation material, it must meet several per- 
formance criteria that depend on the desired end use of the membrane. Among the factors that will influence the choice 
of a polymer are its mechanical strength, chemical resistance, thermal stability, and most importantly its separation and 

15 permeation characteristics. In addition to the aforementioned considerations, it is frequently preferred that a prospective 
membrane polymer be commercially available at a moderate cost. 

There are numerous references in the literature to membranes manufactured from polyimides. Makino et al. teach 
preparation of several specialty polyimides and membranes produced therefrom in U.S. Patents 4,440,643; 4,460,526; 
4,512,893; and 4,528,004. Chung et al. describe preparation of asymmetric hollow fibers for gas separation from fluo- 

20 rine-containing polyimides in the Journal of Membrane Science, 75 (1992), 181-195. This work is an example of a gas 
separation membrane fabricated from an expensive, custom synthesized polymer. 

The fabrication of gas separation membranes from various polyimides has also been taught by Hoehn at al. in U.S 
Patent 3.899,309 and by Hayes in U.S. Patents 4,838.900; 4,880.442; 4,932.982; and 4,932.983. 

Two commercially available polyimides that are of interest as membrane forming materials because of their supe- 
rs rior strength and chemical resistance are P84 and P84HT, manufactured by Lenzing A.G. The former material is report- 
edly a product of the reaction of benzophenone tetracarboxylic dianhydride (BTDA) with toluene diisocyanate (TDi) and 
methylene di p-phenyl diisocyanate (MDI). The latter polymer is reportedly a product of the reaction of pyromellitic dian- 
hydride (PMDA) and BTDA with TDI and MDI. The polymers will hereinafter be referred to as BTDA/TDI-MDI and BDTA- 
PMDA/TDl-MDI polyimides respectively. 

30 Another material with more advantageous separation properties is a polyimide that incorporates phenylindane moi- 
eties in the polymer chains. An example of such polyimide is Matrimid® 521 8. commercially available from Ciba Geigy 
Co. The polymer exhibits good combinations of gas permeability coefficients and separation factors for many gas pairs. 
The fabrication of asymmetric membranes from this polyimide has been reported by Wang et al. in U.S. Patent 
5.067,970. Ekiner et al. disclose the use of phenylindane-containing polyimides to prepare gas separation membranes 

35 in U.S. Patent 5,015,270. While membranes described in the aforementioned patents display good gas separation char- 
acteristics, commercial use of these membranes can be limited because of the high cost of this specialty polymer. 

The practice of blending polymers has been used effectively in the formation of gas separation membranes. Bur- 
goyne, Jr. et at. in U.S. Patent 5,061,298 disclose the use of blends of polyimide polymers as part of a process to pre- 
pare air separation membranes as shown. >femada et al. in U.S. Patent 4,832,71 3 disclose fabrication of gas separation 

40 membranes from blends of polyetherimide mixed with materials such as polycarbonates or polysulfones. Ekiner and 
Simmons, in U.S. Patent 5,248,319 disclose the preparation of gas separation membranes from blends of polyimides 
in which one of the polymers contains phenylindane residues. The other polymer in the blend must incorporate aromatic 
diamine moieties that contain ether linkages. The selection of polyimide polymers that can be blended with phenylin- 
dane-containing polyimides according to the teachings of this patent are therefore severely limited. 

45 It was discovered by us that integral anisotropic fluid separation membranes with superior combination of separa- 
tion/permeation characteristics can be prepared from blends of BDTA/TDI-MDI and/or BTDA-PMDA/TDI-MDI polyim- 
ides and phenylindane-containing polyimides. These membranes can be utilized in preparation of porous substrates 
useful in the manufacture of composite membranes by solution coating processes. 

so Summary QftN Invention 

This invention relates to improved fluid separation membranes and their preparation. More particularly, improved 
fluid separation membranes are prepared from blends of BTDA/TDI-MDI polyimides and/or BTDA-PMDA/TDI-MDI poly- 
imides blended with phenylindane-containing polyimide polymers. A method of casting the membrane and a fluid sep- 
55 aration process using the membrane also form a part of the invention. 

It is therefore an object of the present invention to provide a fluid separation membrane from blends of BTDA/TDI- 
MDI and/or BTDA-PMDA/TDI-MDI polyimides and phenylindane-containing polyimide polymers wherein the membrane 
is an anisotopric membrane with, in one embodiment a discriminating layer that is less than about 1 000A thick. Other 
features and advantages of the present invention will become apparent from the following description of the invention. 
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Detailed Desc ription of the Invention 



It has been discovered unexpectedly that blends of first and second polymers which are BDTA/TDI-MDI and/or 
BTDA-PMDA/TDI-MDI polyimides and phenylindane-corrtaining pdyimides, respectively, can be fabricated into mem- 
5 branes of superior separation performance. These membranes can be useful for microf iftration and ultrafiltration of flu- 
ids but are particularly useful for gas separation applications. 

The first polymer in the blend is a membrane forming polyimide having the repeat unit: 



TO 



15 



20 

where R is 



25 



30 




Alternatively, the first polyimide in the blend may be a copolymer containing the repeat units I and II. 

35 
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where R is 
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It is understood that the first polyimide component in this invention may be comprised of a BTDA/TDI-MDI polyimide, a 
BTDA-PMDA/TDI-MDI polyimide. or a mixture of two or more such materials in any proportion. 

Preferred polymers are commercially available from Lenzing A.G. under the name P84 and P84HT. 
is The second polymer in the blend is a polyimide having phenylindane residues incorporated into the polyimide back- 
bone chain. Such residues are of the formula: 



20 




30 

where each R group is independently hydrogen or lower alkyl of 1 to 6 carbon atoms. Like the first polymer, the second 
phenylindane-containing polyimide polymer has a sufficient molecular weight to allow it to be formed into a thin film. 
The phenylindane residue may be incorporated within the diamine function, the dianhydride function or both. 
The most preferred phenylindane-containing polyimide is that commercially available as Matrimid® 5218 from 
35 Ciba Geigy Co. and the repeat unit of this polymer is believed to be as follows: 



40 
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55 



This polyimide can be prepared as taught in United States Patent 3,856,752. 

The membranes of this invention are prepared by solution casting methods. Thus, the polyimide and phenylindane* 
containing polyimide blended in particular weight ratios are dissolved in a common membrane forming solution known 
in the art as a casting solution or spinning dope. The polymer content of casting solutions typically is about 10 to 45% 
by weight and preferably about 25 to 35% by weight The solutions of this invention, in addition to two membrane form- 
ing polymers, will also contain solvent and optionally nonsotvent components. The membrane casting process typically 
involves a solidification step in which the membrane faming solution is coagulated by bringing it in contact with a non- 
solvent or a solvent/nonsorvent mixture. It is desirable that the solvent components of the membrane forming solution 
are miscible in the coagulation media. Thus if the coagulation media is aqueous in nature, then water miscible solvents 
may be advantageously employed in the preparation of the membrane forming solutions of this invention. Preferred sol- 
vents include dimethyl formamide and N-methyl pyrrolidone and their mixtures. The nonsolvent components that are 
used to formulate the membrane forming solution may be solids or liquids. These components are useful in controlling 
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solution viscosity as well as the porosity and other membrane properties. Typical of the nonsolvents that are useful in 
formulating membrane casting solutions are aliphatic alcohols, particularly poiyhydric alcohols such as ethylene glycol, 
glycerine, etc.. polyethylene oxides and polypropylene oxides; surfactants such as atkyiaryl polyether alcohols, alkylaryl 
sulfates, alky! sulfates, etc.; triethylphosphate; formamide; aliphatic acids such as acetic or propionic acid etc.; and salts 

5 such as zinc chloride, lithium chloride etc. 

Membranes can be cast from an appropriate polymer Wend solution by a variety of methods. Preferred methods 
are dry/wet or wet/wet phase inversion processes. The processes can be used to produce membranes in any desired 
configuration such as flat sheet, tubular or spiral wound configuration, but it is preferred to form membranes of this 
invention in the form of hollow fibers. In a preferred embodiment of this invention the membranes are spun into hollow 

ro fiber configuration by the process described by Bikson et al. in U.S. Patent 5.181 ,940. This patent teaches a method of 
producing highly anisotropic hollow fibers useful as permseJectrve gas separation membranes and as substrates for 
preparation of composite membranes by extruding a spinning solution through a tube-in-orrf ice spinnerette into a gas 
filled chamber maintained at reduced pressure followed by coagulation and solidification step. Spinning solutions for- 
mulated from blends of polyimide and phenylindane-containing potyimide can be advantageously spun into hollow fib- 

15 ers utilizing this spinning method. The weight ratio of phenylindane-containing polymer to BTDA/TDI-MDI and BTDA- 
PMDA/TDI-MDI polyimide polymers is typically less than about 1 .0. In some embodiments, the ratio may be as low as 
about 0.01 . Preferably the ratio is about 0.3 to 0.1 . 

A distinguishing feature of blend membranes of present invention is the fact that they are anisotropic and contain 
an integral discriminating layer. In one embodiment, this layer is less than 1 000 A thick preferably less than 500 A thick, 

20 most preferably less than 250A thick. The discriminating layer is distinguishable from the main membrane body by 
somewhat decreased porosity (i.e., increased density). The porosity of the discriminating layer (defined as the ratio of 
the area occupied by pores to the total area of the discriminating layer) will vary from about 4 x 1 0" 2 to below 1 0' 6 . Low 
porosity is most desirable for integral asymmetric membranes, in particular integral asymmetric gas separation mem- 
branes, while high levels of surface porosity are particularly useful for preparation of composite gas separation mem- 

25 branes. The discriminating layer is typically located at the exterior membrane surface. Hollow fiber membranes may 
contain the discriminating layer at the exterior or the interior wall. It is also possible for the discriminating layer to be 
located in the interior of the membrane, preferably close to membrane surface. 

The membranes of this invention are highly anisotropic and can be prepared with very thin discriminating layers 
which are most preferably less than 250A thick. Discriminating layer thicknesses of these magnitudes can be advanta- 
ge geously achieved by the aforementioned vacuum spinning technique. The hollow f foer wall morphology and the thick- 
ness of membrane discriminating layer can be further modified through the use of coagulants that may include such 
solvents as alcohols and solvent/nonsolvent mixtures. However, the most often used coagulant is water or mixtures of 
water with solvents, surfactants and salts. 

The anisotropic membranes of this invention are uniquely suited for preparation of composite and mufticomponent 

35 gas separation membranes. These membranes can be advantageously prepared by solution coating methods. Exam- 
ples of such methods are shown in U.S. Patents 5.076,91 6; 4,840,81 9; 4,826,599; 4,756.932 and 4,467,001 . The coat- 
ing is deposited onto the discriminating layer of the membrane and in some embodiments can partially or completely 
occlude the pores. The coating material, the coating morphology and coating thicknesses can be selected by those 
skilled in the art to meet the needs of specific gas separation applications. Dense ultra-fine coatings as thin as 500A or 

40 less can be successfully formed on the surfaces of the blend membranes of this invention by solution deposition meth- 
ods. 

A broad range of solvents can be utilized in the preparation of coated membranes. The preferred solvents include 
aliphatic hydrocarbons including cycloaliphatic hydrocarbons, such as hexane, heptane and cyclohexane; alcohols 
such as ethanol, isopropanol and their mixtures with water; certain chlorinated hydrocarbons, in particular 1 ,1 ,1-trichlo- 

45 roethane and its mixtures with 1 ,2-dichloropropane and cyclohexane; organic acids such as acetic acid and ketones, in 
particular mixtures of methyl ethyl ketone with alcohols and cyclohexane, and the like. In one embodiment of this inven- 
tion high surface porosity hollow fibers (i.e. hollow fibers with high discriminating layer porosity) are advantageously pro- 
duced from blends of polyimide and phenylindane-containing polyimides. Such membranes can be utilized directly in 
fluid separation applications such as ultrafiltration or as substrates for manufacturing of composite fluid separation 

so membranes. 

In another embodiment, hollow fibers are coated with high gas permeability materials. These coated membranes 
may be useful for gas and vapor separation applications such as oxygen enrichment or organic vapor removal from air. 
Coating materials that can be advantageously employed to prepare composite membranes of this type include 
siloxanes such as polydimethyt siloxane, polybutadiene and ethyl ene-propylene-diene monomer (EPDM) rubbers and 
55 the like. 

In yet another embodiment it may be desirable to coat the high surface porosity hollow fibers with a high gas sep- 
aration factor glassy polymer, which to a large extent determines the gas separation characteristics of the composite 
membrane. Examples of such materials include sulfonated polarytethers, sulfonated poly(phenytene oxides), polyes- 
ters, polyestercarbonates, and ceilulosic derivative polymers such as cellulose acetate and blends of cellulose acetate 
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with poly(methyl methacrylate) to name a few. Detailed description of chemical structure and preparation methods for 
some of these materials can be found in US. Patents 5,071,498; 5,055,114; 4,994,095; 4,971.695; 4,919,865; and 
4,874,401. These composite membranes are most suitable for air separation applications, acid gas separations, or 
hydrogen/methane separations. Composite membranes such as these can occasionally have minor defects that can be 

5 further repaired by post-treatment methods with solvents and dilute solutions of polymers and reactive additives. Post- 
treatment procedures of this type are taught by Bikson et al. in U.S. Patents 4,767,422 and 5,131,927. 

In a further embodiment of this invention low surface porosity hollow fiber membranes are produced from blends of 
BTDA/TDI-MDI or BTDA-PM DA/TD l-MD I polyimides and phenylindane-containing polyimide. Such membranes can be 
utilized directly for fluid separations or further coated prior to use. In some embodiments such as gas separation appli- 

io cations, the dry-wet spun hollow fiber membranes can be dried by air drying or other prior art processes prior to use. 
For example, membranes spun into water baths can be dehydrated by methods shown in U.S. Patents 4,080,743 and 
4,1 20,098. In another embodiment it may be desirable to overcoat these membranes with a high gas permeability mate- 
rial such as silicone rubber to repair residual defects in the membrane separation layer prior to usa High gas permea- 
bility, low separation factor elastomeric coatings are frequently used to repair minor defects that occur in highly 

15 asymmetric low surface porosity membranes. Preparation of such multicomponent gas separation membranes is 
described in U.S. Patent 4,230.463. In other cases, it may be advantageous to coat these low surface porosity hollow 
fibers with high gas separation factor materials that contribute to the overall gas separation characteristics of the com- 
posite membrane. These high gas separation factor materials are frequently glassy polymers. Representative exam- 
ples of such polymers include polyesters, polyestercarbonates, sulfonated polysulfones and sulfonated poly(phenylene 

20 oxides), cellulosic derivative polymers, such as cellulose acetate or blends of cellulose acetate with polymethyl meth- 
acrylate to name a few. Coating of these glassy polymers onto low surface porosity hollow fibers often yields an essen- 
tially defect-free composite gas separation membrane with an attractive combination of permeation and separation 
characteristics. 

Processes for spinning polyimides are well known in the art and some examples have been cited. These processes 
25 generally require injection of a liquid bore medium in order to keep hollow f ber bores open during the spinning process. 
These fluids generally consist of solvents, solvent/honsolvent mixtures or a swelling agent for the membrane forming 
material. Bore fluids frequently can adversely effect final membrane properties. For example, bore fluids often cause 
undue dens'rf ication of porous walls or increase thickness of the membrane discriminating layer. If the discriminating 
layer is desired at the exterior hollow fiber surface, certain coagulating bore fluids can lead to unwanted barrier layers 
30 at the interior wall of the hollow fiber bore. Thus it is frequently advantageous to spin hollow fibers with an inert nonco- 
agulating gaseous bore medium. The addition of phenylindane containing polyimide to polyimide based spin dopes was 
found to be beneficial in this regard. Phenylindane-containing polyimide, when admixed with BDTA/TDI-MDI or BDTA- 
PMDA/TDI-MDI polyimides to form spin dopes of this invention, were found to enhance the spinnability of the solution 
such that a hollow fiber could be formed by injecting air rather than a solvent into the nascent fiber bore. Furthermore, 
35 membranes composed of polymer blends of this invention are tougher and more flexible than those fabricated from a 
polyimide only. 

It is known that blends of BTDAfTDI-MDI or BTDA-PM DA/TD l-M D I polyimides and phenylindane-containing poly- 
imides of this invention are miscible in the membrane forming solution described herein. However, a definitive mecha- 
nism by which these polymer blends serve to produce improved membranes of this invention is not precisely known. 
40 The following examples will serve to illustrate the utility of this invention but should not be construed as limiting. 

Example 1 

A solution was prepared by mixing 283.3 g of a phenylindane-containing polyimide, sold commercially by Ciba- 
45 Geigy under the name of Matrimid© 521 8, with 2216. 7g of a 25% solution of a polyimide P84HT, sold by Lenzing A.G., 
in dimethyl formamide. This latter polymer is reportedly a copolymer made from the reaction of both benzophenone tet- 
racarboxylic dianhydride (BTDA) and pyromeiletic dianhydride (PMDA) with toluene diisocyanate and/or 4,4'methyiene 
bis-phenyiisocyanate. 

The resulting solution was deaerated, filtered, and spun into hollow fbers using the vacuum spinning process 
so described by Bikson et al. in U.S. Patent 5,181 ,940. The casting solution was extruded at 71 °C through a tube-in-orifice 
spinnerette with an orifice diameter of 0.14 cm and a tube outside diameter of 0.10 cm into an enclosed chamber with 
a vacuum level maintained at 14 cmHg. Air was metered through the core of the spinnerette tube to produce a hollow 
bore in the extrudate. 

The nascent hollow filament passed through a gap of 5.1 cm and into a coagulation fluid that consisted essentially 
55 of a 0.05% V7V solution of Triton X 1 00 maintained at 45°C. The coagulated hollow fiber, which had an outside diameter 
of 0.043 cm and an inside diameter of 0.018 cm, was collected at a rate of 30.5 meters per minute. The coagulated hol- 
low filament was washed with a 90/10 V7V solution of isopropanol/water to remove residual solvent. The fiber was 
immersed successively in methanol and Freon 113, dried, coated with a 6% solution of polydimethyf siloxane in 
cydohexane, and heated to remove the cydohexane. 
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This coated fiber was assembled into modules containing eight fibers about 40.5 cm long. These modules were 
tested for air separation characteristics at 7.03 Kg/cms and about 23°C. The membrane was found to have an oxygen 
permeation rate (0 2 PA) of 1 .8 x 1 0" 5 cm 3 /cm 2 cmHg sec and a separation factor for oxygen/nitrogen of 6.5. 

5 Example 2 

A hollow fiber spinning solution was prepared by mixing 250 g of Matrimid® 5218. 250 g of dimethyl formamide, 
and 2000 g of a 25% by weight solution of P84 (Grade T-70) polymer, sold by Lenzing A.G., in dimethyl formamide. This 
latter polymer is a polyimide reportedly prepared from the reaction of benzophenone tetracarboxylic dianhydride with 
w toluene diisocyanate and/or 4,4'-methylene bis-phenylisocyanate. 

The solution was deaerated, filtered and spun into hollow fibers in the vacuum spinning apparatus as described in 
Example 1. Trie spinner ette had an orifice diameter of 0.14 cm and an injection tube outside diameter of 0.10 cm. The 
casting solution was extruded through the spinnerette at 49°C as air was metered through the core of the spirmerette 
tube to produce a hollow filament stream. This nascent hollow fiber traveled through a gap of 2.5 cm in the vacuum 
15 chamber and was then coagulated in a 0.05% V7V solution of Triton X1 00 in water maintained at 45°C. The coagulated 
filament, which had an outside diameter of 0.042 cm and an inside diameter of 0.01 8 cm, was collected at a rate of 30.5 
meters/minute, washed with 90/1 0 V/v* solutions of isopropanol/water, dried and coated with a 6% solution of pdydime- 
thyl siloxane in cyclohexane as in Example 1 . 

The coated hollow fiber membrane was fabricated into modules and tested for air separation characteristics as in 
20 Example 1 . The membrane was found to have an oxygen permeation rate (0 2 PA) of 8.2 x 10 s crrrVcm 2 cmHg sec (1 
cmHg corresponds to 1333 Pa) and a separation factor for oxygen/nitrogen of 2.6. 

The various embodiments which were described herein were set forth for the purpose of illustration only and were 
not intended to limit the invention. It will also be appreciated that the temperatures are in degree Centigrade and all 
parts and percentages are by weight unless otherwise indicated. 

25 

Claims 

1 . An anisotropic fluid separation membrane having an integral discriminating layer formed of a blend of first and sec- 
ond polymers, said first polymer being a polyimide reaction product of (1) a benzophenone tetracarboxylic dianhy- 

30 dride with toluene diisocyanate and or methylene di p-phenyl diisocyanate and/or (2) benzophenone tetracarboxylic 
dianhydride and pyromellitic dianhydride with toluene diisocyanate and methyl di p-phenyl diisocyanate, and the 
second polymer being a phenyl indane-containing polyimide in a ratio of about 1 :0.01 to 1:1. 

2. The membrane of Claim 1 wherein the discriminating layer is less than about 1 ,000 Angstroms thick. 

35 

3. The membrane of Claim 2 wherein the discriminating layer is less than about 500 Angstroms thick. 

4. The membrane of Claim 1 wherein the discriminating layer has surface porosity of about 0.04 to 10" 6 , said porosity 
being defined as the ratio of the area occupied by pores to the total area of the discriminating layer. 

40 

5. The membrane of Claim 4 wherein the first polymer is the reaction product of benzophenone-3,3',4,4- tetracarbox- 
ylic acid dianhydride and pyromellitic dianhydride with toluene diisocyanate and/or 4,4 , -methylene-bis- phenyliiso- 
cyanate and a second polymer has repeat unit: 



45 




6. The membrane of Claim 5 wherein the discriminating layer thickness is less than about 250 Angstroms. 
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7. The membrane of Claim 1 wherein the first polymer is the reaction product of benzophenone-3,3\4,4- tetracarbox- 
ytic acid dianhydride and pyromellitic dianhydride with toluene diisocyanate and/or 4,4'-methyf ene-bis-phenylisocy- 
anate, and a second polymer having the repeat unit: 




8. The membrane of Claim 1 further having a coating deposited on the discriminating layer. 

9. The membrane of Claim 1 wherein the discriminating layer is at the membrane surface. 

10. A method of forming a hollow fiber membrane by extruding a polymer solution in the form of a hollow fiber into a 
gaseous atmosphere maintained at a subatmospheric pressure and solidifying the membrane in a liquid medium, 
wherein a solution formed by dissolving a blend of first and second polymers is employed as said polymer solution, 
said first polymer being a polyimide reaction product of (1) a benzophenone tetracarboxytic dianhydride with tolu- 
ene diisocyanate and or methylene di p-phenyl diisocyanate and/a (2) benzophenone tetracarboxylic dianhydride 
and pyromellitic dianhydride with toluene diisocyanate and methyl di p-phenyl diisocyanate. and said second poly- 
mer being a phenylindane - containing polyimide in a ratio of from about 1 :0.1 to 1 :0.3. 

11. The method of Claim 10 in which said second polymer is a phenylindane-containing aromatic polyimide, and said 
ratio is from about 1 :0.1 to 1 :0.3. 

12. The method of Claim 1 1 wherein the first polymer comprises the reaction product of benzophenone-3,3',4,4- tet- 
racarboxylic acid dianhydride with toluene diisocyanate and/or 4,4 , -methylene-bis-phenylisocyanate and a second 
polymer having the repeat unit: 




13. The method of Claim 10 wherein the first polymer comprises the reaction product of benzophenone-3,3',4,4- tet- 
racarboxylic acid dianhydride with toluene diisocyanate and/a 4,4 , -methylene-bis-phenylisocyanate and a second 
polymer having the repeat unit: 
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15 

14. The method of Claim 10 wherein gas is injected into the center of the hollow fiber as it is being extruded. 

15. A fluid separation process in which a fluid feed stream is contacted with a fluid separation membrane capable of 
selectively permeating one component of said fluid feed stream, with the more selectively permeable component 

20 being withdrawn as permeate fluid, and the less selectively permeable component being withdrawn as retentate 
fluid, said fluid feed stream is contacted with an anisotropic fluid separation membrane having an integral discrim- 
inating layer formed of a blend of first and second polymers, said first polymer being a polyimide reaction product 
of (1) a benzophenone tetracarbaxylic dian hydride with toluene diisocyanate and or methylene di p-phenyl diisocy- 
anate and/or (2) benzophenone tetracarbaxylic dianhydrkJe and pyromellrtic dianhydride with toluene diisocyanate 

25 and methyl di p-phenyl diisocyanate, and the second polymer being a phenylindane-containing polyimide in a ratio 
of about 1:0.01 to 1:1. 

16. The process of Claim 15 in which said fluid feed stream comprises a gas feed stream. 
30 1 7. The process of Claim 16 in which said gas feed stream comprises feed air. 

18. The process of Claim 1 5 in which the discriminating layer is less than about 1 ,000 Angstroms thick. 

19. The process of Claim 18 in which the discriminating layer is less than 500 Angstroms thick. 

35 

20. The process of Claim 15 in which said discriminating layer has a surface porosity of about 0.04 to 1 0" 6 , said porosity 
being defined as the ratio of the area occupied by pores to the total area of the discriminating layer. 

Patentanspruche 

40 

1. Anisotrope Fluidtrennmembran mit einer integralen diskriminierenden Schicht einer Mischung aus einem ersten 
und einem zweiten Polymer in einem Verhaitnis von etwa 1 :0,01 bis 1 :1, wobei das erste Polymer ein Polyimid- 
Reaktionsprodukt von (1) einem Benzophenontetracarboxyl-Dianhydrid mit Toluendiisocyanat und/oder Methy- 
lendi-p-phenykJiisocyanat und/oder (2) Benzophenontetracarboxyl-Dianhydrid und Pyromellitdianhydrid m'rt Tolu- 

45 endiisocyanat und Methyldi-p-phenyldiisocyanat ist und wobei das zweite Polymer ein Phenylindan enthaltendes 
Polyimid ist. 

2. Membran nach Anspruch 1 , bei welcher die diskriminierende Schicht weniger als etwa 1000 Angstrom dick ist. 
so 3. Membran nach Anspruch 2, bei welcher die diskriminierende Schicht weniger als etwa 500 Angstrom dick ist 

4. Membran nach Anspruch 1 , bei welcher die diskriminierende Schicht eine Oberf lachenporositat von etwa 0,04 bis 
10* 6 hat wobei die Porositat als das Verhaitnis der von Poren eingenommenen Rache zu der Gesamtfiache der 
diskriminierenden Schicht def iniert ist 

55 

5. Membran nach Anspruch 4, wobei das erste Polymer das Reaktionsprodukt von Benzophenon-3,3\4,4-tetracar- 
boxylsauredianhydrid und Pyromellitdianhydrid mit Toluendiisocyanat und/oder 4,4'-Methyien-bis-phenyliisocyanat 
ist, und das zweite Polymer die Wiederholungseinheit: 
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aufweist 



15 6. Membran nach Anspruch 5, bei welcher die diskriminierende Schicht weniger als etwa 250 AngstrOm dick ist 

7. Membran nach Anspruch 1, wobei das erste Polymer das Reaktionsprodukt von Benzophenon-3,3\4,4-tetracar- 
boxylsauredianhydrid und Pyromellrtdianhydrid mit Toluendiisocyanat und/oder 4,4'>Methyten-bts-pheny)isocyanat 
ist, und das zweite Polymer die Wiederhoiungseinheit: 

20 



25 




8. Membran nach Anspruch 1 , femer versehen mit einem Uberzug, der auf die diskriminierende Schicht aufgebracht 

35 ist. 

9. Membran nach Anspruch 1 , bei welcher die diskriminierende Schicht an der Membranoberf lache liegt. 

10. Verfahren zur Herstellung einer Hohlfasermembran mittels Extrusion einer PolymerlOsung in Form einer Hohlfaser 
40 in eine gasfOrmige Atmosphare, die bei Unterdruck gehalten wird, und Verfestigung der Membran in einem f lussi- 

gen Medium, wobei eine durch LOsen einer Mischung in einem Verhaltnis von etwa 1:0,1 bis 1:0,3 aus einem 
ersten und einem zweiten Polymer gebildete LOsung als die PolymerlOsung eingesetzt wird, wobei das erste Poly- 
mer ein Polyimid-Reaktionsprodukt von (1) einem Benzophenontetracarboxyl-Dianhydrid mit Toluendiisocyanat 
und/oder Methylendi-p-phenytdiisocyanat und/oder (2) Benzophenontetracarboxyl-Dianhydrid und Pyromellitdian- 
45 hydrid mit Toluendiisocyanat und Methyldi-p-phenyldiisocyanat ist, und wobei das zweite Polymer ein Phenylindan- 
enthaltendes Polyimid ist. 

11. Verfahren nach Anspruch 10, bei welchem das zweite Polymer ein Phenylindan enthaltendes aromatisches Poly- 
imid ist und das Verhaltnis zwischen etwa 1 :0,1 und 1 :0,3 liegt 

50 

12. Verfahren nach Abspruch 11, bei welchem das erste Polymer das Reaktionsprodukt von Benzophenon-3,3',4,4- 
tetracarboxylsauredianhydrid mit Toluendiisocyanat und/oder 4,4 , -Methylen-bis-phenylisocyanat ist, und das 
zweite Polymer die Wiederhoiungseinheit: 

55 
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5 



10 




aufweist. 

is 13. Verfahren nach Abspruch 10. bei welchem das erste Polymer das Reaktionsprodukt von Benzophenon-3,3',4,4- 
tetracartxjxylsauredianhydrid mit Toluendiisocyanat und/oder 4,4'«Methylen-bis-phenylisocyanat ist, und das 
zweite Polymer die WiederholungseinheH: 




30 aufweist. 

14. Verfahren nach Anspruch 10, bei welchem Gas in die Mftte der Hohlfaser injiziert wird, wahrend diese extrudiert 
wind. 

35 15. Ruidtrennverfahren bei welchem ein Fluideinsatzstrom mrt einer Fluidtrennmembran in Kontakl gebracht wind, die 
in der Lage ist, eine Komponente des Ruideinsatzstromes selektiv zu permeieren, wobei die starker selektiv per- 
meierbare Komponente als Permeatf luid abgezogen wird und die weniger selektiv permeierbare Komponente aJs 
Retentatfluid abgezogen wird, wobei der Ruideinsatzstrom mit einer anisotropen Ruidtrennmembran in Kontakl 
gebracht wird, die eine integrate diskriminierende Schicht aufweist, die aus einer Mischung aus einem ersten und 

ao einem zweiten Polymer in einem Verhaltnis von etwa 1 :0,01 bis 1 :1 gebildet ist, wobei das erste Polymer ein Poly- 
imid-Reaktionsprodukt von (1) einem Benzophenorrtetracarboxyi-Dianhydrid mit Toluendiisocyanat und/oder 
Methylendi-p-phenyldiisocyanat und/oder (2) Benzophenontetracarboxyt-Dianhydrid und Pyromellitdianhydrid mit 
Toluendiisocyanat und Methyldi-p-phenyldiisocyanat ist, und wobei das zweite Polymer ein Phenyiindan enthaften- 
des Polyimid ist. 

45 

16. Verfahren nach Anspruch 15, bei welchem der Ruideinsatzstrom ein gasfOrmiger Einsatzstrom ist 

17. Verfahren nach Anspruch 16, bei welchem der gasfOrmige Einsatzstrom Einsatzluft ist. 

so 1 8. Verfahren nach Anspruch 1 5, bei welchem die diskriminierende Schicht weniger als etwa 1 000 Angstrom dick ist 

19. Verfahren nach Anspruch 18, bei welchem die diskriminierende Schicht weniger als etwa 500 Angstrom dick ist 

20. Verfahren nach Anspruch 15, bei welchem die diskriminierende Schicht eine Oberflachenporositat von etwa 0,04 
55 bis 1 0" 6 hat wobei die Porositat als das Verhaltnis der von Poren eingenommenen Rache zu der Gesamtf lache der 

diskriminierenden Schicht def iniert ist 
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Revendlcations 

1. Membrane anisotrope pour la separation de fluides, comportant une couche discriminant e irrtegree formee d'un 
melange de premier et second polymeres, ledrt premier polymere etant un polyimide consistant en le produit de 
5 reaction (1) d'un dianhydride benzophenone-tetracarboxytique avec le toluene-diisocyanate et/ou le methyiene-di- 
p-phenyl-diisocyanate et/ou (2) d'un dianhydride benzophenone-tetracarboxylique et de dianhydride pyromeliitique 
avec le toluene-diisocyanate et le methyl-di-p-pherryl-diisocyanate et le second polymere etant un polyimide & tone* 
tion phenylindane, en un rapport d'environ 1 :0,01 d 1:1. 

10 2. Membrane suivant la revendication 1 , dans laquelle la couche discriminante a une epaisseur irtf erieure d environ 
1000 angstroms. 

3. Membrane suivant la revendication 2, dans laquelle la couche discriminante a une epaisseur inferieure & environ 
500 angstroms. 

15 

4. Membrane suivant la revendication 1 , dans laquelle la couche discriminante a une porosite de surface d'environ 
0,04 & 1 0' 6 , tadite porosite etant def inie par le rapport de la surface occupee par les pores a la surface totale de la 
couche discriminante. 

20 5. Membrane suivant la revendication 4, dans laquelle le premier polymere est le produit de reaction de dianhydride 
d'ackte benzophenone-3,3 , A4-tetracarboxylique et de dianhydride pyromeliitique avec le toluene-diisocyanate 
et/ou le ^^-methyiene-biSiDhenylisocyanate, et un second polymere comporte le motif rep6te : 



25 



30 




35 

6. Membrane suivant la revendication 5, dans laquelle Tepaisseur de la couche discriminante est inferieure k environ 
250 angstroms. 

40 7. Membrane suivant la revendication 1, dans laquelle le premier polymere est le produit de reaction de dianhydride 
d'acide benzophenone-3 l 3 , ,4,4-tetracarboxylique et de dianhydride pyromeliitique avec le toluene-diisocyanate 
et/ou le 4,4'-methyiene-bis-ph6nytisocyanate, et un second polymere comporte le motif repete : 



45 



SO 




8. Membrane suivant la revendication 1 , comprenant en outre un revStement depose sur la couche discriminante. 

9. Membrane suivant la revendication 1 , dans laquelle la couche discriminante est situee au niveau de la surface de 
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la membrane. 

10. Proc6d6 pour former une membrane a fibres creuses par extrusion d'une solution de polymere sous forme d'une 
fibre creuse dans une atmosphere gazeuse maintenue a une pression irrferieure a la pression atmospherique et 

5 solidification de la membrane dans un milieu liquide, dans lequel une solution formee en dissolvant un melange de 
premier et second polymeres est utilisee comme ladite solution de polymere, (edit premier polymere etant un poly- 
imide consistant en le produit de reaction (1) d'un dianhydride benzophenone-tetracarboxylique avec le toluene-dii- 
socyanate et/ou avec le m6thyiene-di-p-phenyWiisocyanate et/ou (2) d'un dianhydride benzophenone- 
tetracarboxylique et de dianhydride pyromellitique avec le toluene-diisocyanate et le methyl-c6-p-pheny!-diisocya- 

10 nate, et (edit second polymere etant un polyimide a fonction ph6nylindane, en un rapport d'ertviron 1 :0.1 a 1 :0,3. 

1 1 . Proc6d6 suivant la revendication 1 0, dans lequel le second polymere est un polyimide aromatique a fonction phe- 
nylindane. et le rapport est compris dans llntervalle d'environ 1 :0. 1 a 1 :0,3. 

15 1 2. Proc6d6 suivant la revendication 1 1 , dans lequel le premier polymere comprend le produit de reaction de dianhy- 
dride d'acide benzoph6none-3,3',4,4-t6tracarboxylique avec le toluene-diisocyanate et/ou le 4,4'-methyiene-bis- 
phenylisocyanate, et un second polymere comporte le motif r£p6te : 



20 



25 




30 



13. Proc6d6 suivant la revendication 10, dans lequel le premier polymere comprend le produit de reaction de dianhy- 
dride d'acide benzoph6iione-3,3\4,4-tetracarboxylique avec le toluene-diisocyanate et/ou le M'-methylene-bis- 
35 phenylisocyanate, et un second polymere comprend le motif r6pete : 



40 



45 




so 14. Proc6de suivant la revendication 1 0, dans lequel un gaz est injects dans le centre de la fibre creuse lors de I'extru- 
ston de cette fibre. 

15. Proc6de de separation de fluides, dans lequel un courant de fluides d'alimentation est mis en contact avec une 
membrane de separation de fluides apte a la permeation selective d'un constituent dudit courant de fluides d'ali- 
55 mentation, le constituant presentant la plus forte permeabilite selective etant decharge sous forme d'un f hide con- 
sistant en permeat, et le constituant presentant la plus faible permeabilite selective etant decharge sous forme d'un 
f lukte consistant en retentat ledtt courant de fluides d'alimentation est mis en contact avec une membrane aniso- 
trope de separation de fluides comprenant une couche discriminante integree formee d'un melange de premier et 
second polymeres, ledit premier polymere etant un polyimide consistant en le produit de reaction (1) d'un dianhy- 
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dride benzoph6none-t6tracarboxylique avec le toluene-diisocyanate et/ou le m6thyl6ne-di-p-ph6nyi-diisocyanate 
et/ou (2) d'un dianhydride ben2oph6none-t6tracartx)xylique et de dianhydride pyromellitique avec le tolu6ne-diiso- 
cyanate et le m6thyt-di-p-ph6nyi-diisocyanate, et le second polymere 6tant un polyimide a fonction phenylindane, 
en un rapport d'environ 1 :0,01 a 1 :1 . 

1 6. Proc6de suivant la revendication 1 5. dans lequel le courant de f lutdes cfalimentation comprend un courant gazeux 
cf alimentation. 

17. Proc6de suivant la revendication 1 6, dans lequel le courant gazeux d'alimentation comprend de I'air d'al indentation. 

1 8. Proc6de suivant la revendication 1 5, dans lequel la couche discriminante a une epaisseur inf erteure a environ 1 000 
angstroms. 

19. Precede suivant la revendication 18. dans lequel la couche discriminante a une Epaisseur inferieure a 500 angs- 
troms. 

20. Proc6de suivant la revendication 15, dans lequel la couche discriminante a une porosite de surface d'environ 0.04 
a 1 0' 6 , ladrte porosite etant def inie par le rapport de la surface occupee par les pores a la surface totale de la cou- 
che discriminante. 
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